In this work, the total pentose (xylose and arabinose) and hydroxycinnamic acid (ferulic and pcoumaric acids) in eight lots of brewer's spent grain preserved by different methods (freeze-drying, oven drying and freezing) has been determined. The total acid-extractable pentose content of the samples varied between 13·0 and 19·5% dry weight for xylose, and 7·2 and 9·6% dry weight for arabinose, whereas the total alkali-extractable hydroxycinnamic acid content varied between 0·17 and 0·24% dry weight for ferulic acid, and between 0·068 and 0·121% dry weight for p-coumaric acid. Significant differences (p<0·05) between lots were found for ferulic and p-coumaric acids. With respect to the different preservation methods, significant differences (P<0·05) were only seen in arabinose content. The content of pentoses and hydroxycinnamic acids in brewer's spent grain has been compared with those from other agro-food residues whose use is also proposed for the enzymatic release of these compounds.
3 . Brewer's spent grain is the residue left after the Until now, spent grain has been mainly used as separation and filtration of the wort. It is rich cattle feed 4 , although the profit to be made from in hemicelluloses (39%) 1 , especially arabinoxylans its market is small. Another use has been the from the barley grain hull. Arabinoxylans posses production of energy, either by burning it directly a -(1→4)-linked xylopyranosyl backbone subor producing biogas 5 . Its use in human nutrition stituted with -L-arabinofuranosyl residues. These has been proposed 1,4 , employing it in the manuarabinose molecules may be esterified with hydrofacture of flakes, whole-wheat bread and biscuits. xycinnamic acids, monomeric or dimeric ferulic Some studies have also investigated its use in acid (4-hydroxy-3-metoxy-cinnamic acid) and paperitif snacks 6 . But in all these cases, the use of coumaric acid (4-hydroxy-cinnamic acid). In the spent grain is limited, and new ways of making arabinoxylans of barley and malt, around 72% of use of this residue, which is produced in large total xylose residues are substituted by arabinose quantities, are sought. at position C2, 7% are substituted at C3, and 16%
The enzymatic hydrolysis of agro-food residues show double substitutions at C2 and C3 2 . Ferulic is a process that can be used for the specific extraction of useful compounds. Studies in this area include the enzymatic degradation of wheat bran and sugar beet pulp using pure microbial enzymes or enzyme preparations [7] [8] [9] [10] . In the case and 5 g for the frozen samples) was determined of wheat bran, the combination of xylanases, -by weight difference before and after heating at xylosidases, arabinofuranosidases, arabinases and 130°C for 1·5 h. Before weighing, samples were cinnamoyl esterases (feruloyl esterases), allows the placed in a desiccator for 30 min. Determinations joint extraction of xylose, arabinose and hydroxywere carried out in quintuplicate. cinnamic acids (mainly ferulic acid) -components of the arabinoxylans of this substrate 7 . Enzymatically-produced xylose can be used as a sweetener and/or stabiliser in different foodPentose analysis stuffs 11, 12 or be converted microbiologically to The total pentose content in brewer's spent grain xylitol 13 . Arabinose is used in bacteriological 14 and was determined by gas chromatography after acid medical diagnostics 15 and as an antiviral agent 16 . hydrolysis of the sample. Brewer's spent grain Ferulic acid could be used as an antioxidant in
(1 mg for the oven dried and freeze-dried samples, the food industry 17 or be converted biotechand 5 mg for the frozen samples) was incubated nologically to vanillin, a flavour essence for food 18 . with 1 M HCl (550 L) for 90 min at 90°C. The According to European Union directives, comhydrolysate was air-dried at room temperature. pounds obtained by the enzymatic hydrolysis of For sugar derivation, acetic anhydride (1 mL), used vegetable material retain the category of natural as derivative reagent, and pyridine (0·2 mL), used products (EC directive 88/338).
as catalyst, were added. The mixture was mainPreliminary studies have shown it is possible tained in a closed test tube for 3·5 h at 90°C. After to liberate pentoses (xylose and arabinose) and this time, the remaining reagent was eliminated by hydroxycinnamic acids (ferulic acid and paddition of water (4 mL) and vigorous shaking for coumaric acid) from brewer's spent grain by 2 min. Then, chloroform (4 mL) was added. After treatment with commercially available enzyme centrifugation (3000 g, 5 min), the organic phase preparations 19, 20 and plant enzyme extracts 21 . As was removed and extracted with water (2 mL). an initial step in the optimisation of this deAfter centrifugation (3000 g, 5 min), the organic gradation, and given the scarcity of literature in phase was filtered through a 0·45 m filter. this area, the aim of this work was to determine Samples were prepared and analysed in quinthe total pentose and phenolic compound contents tuplicate. of spent grain. Since this material is very unstable, A Hewlett-Packard (Avondale, PA, U.S.A.) owing to its high moisture and high percentage in model 5890 series II gas chromatograph equipped fermentable residual compounds, a preservation with a HP7673 autosampler and a flame ionisation process is required, irrespective of its final use. In detector was used. A capillary column (25 m× this work, three different methods (freeze-drying, 0·32 mm) covered with a 1·20 m thick film of oven drying and freezing) for preserving spent phenylmethylpolysiloxane (Chrompack, Middelgrain samples were tried. burg, Holanda) was used. The overn temperature programme was as follows: initial temperature 50°C, held for 1 min, a 20°C/min ramp to EXPERIMENTAL 165°C, a 0·3°C/min ramp to 180°C, held for Samples 5 min, and finally a 70°C/min ramp to 270°C, held for 5 min. The carrier gas (N 2 ) flow-rate Eight lots of brewer's spent grain from different was constant during the run-time (1·5 mL/min, grists of malt/corn (80:20, w/w) were provided by measured at 50°C). Split-less injection (2 L) was Mahou SA (Madrid, Spain). Grists were from carried out at 230°C, the purge valve was on at blends of different barley and corn cultivars, but 1 min. Hydrogen (30 mL/min), air (300 mL/min) were processed in the same manner. An aliquot and helium (25 mL/min) were used as auxilary of each fresh sample was frozen, an other aliquot gases for the flame ionisation detector. The dewas oven dried at 60°C for 18 h, and a third tector temperature was 300°C. Xylitol was used aliquot was freeze-dried. Both oven dried and as internal standard for pentose quantification. freeze-dried samples were milled in a Pin Mill 160Z Different solutions of xylose and arabinose were (Hosokawa Alpine, Germany) to a fine powder of derivatisated and injected in the gas chromatoparticle size less than 50 m. Moisture of samples (2 g for the freeze-dried and oven dried samples, graph.
graphics Plus 2.1 (Graphics Software Systems, Hydroxycinnamic acid analysis Rockville, MD, U.S.A.). The total hydroxycinnamic acid content in brewer's spent grain was determined by adding 1 N NaOH (550 l) to the sample (10 mg for the oven RESULTS AND DISCUSSION dried and the freeze-dried ones, and 50 mg for the frozen ones) followed by incubation for 16 h at Figure 1 shows the chromatogram of a sample of 20°C under N 2 . After centrifugation (20 000×g, spent grain after acid hydrolysis. Four chro-15 min), the supernatant was collected, acidified matographic peaks were obtained for both xylose with acetic acid (200 l), and extracted five times and arabinose: the isomers -xylopyranose, -with ethyl acetate (0·7 mL). The organic solutions xylopyranose, -xylofuranose, and -xylofuranose, were combined and evaporated to dryness in a and -arabinopyranose, -arabinopyranose, -rotary evaporator. The residue was dissolved in arabinofuranose, and -arabinofuranose respect-0·5 ml of methanol/water (50:50, v/v), filtered ively. For the quantification of each sugar, the through a 45 m filter, and injected in the HPLC areas corresponding to each isomer were added. chromatograph. Samples were prepared and ana-
The influence of hydrolysis time (15 min-13 h) lysed in triplicate. A Waters (Milford, MA, U.S. A.) and hydrochloric acid concentration (0·5-2 N) on HPLC chromatograph equipped with a 600-MS the determination of the total content of xylose controller, a 717 plus autosampler and a 996 and arabinose in the spent grain was studied. photodiode-array detector was used. Data acquisiNearly 88% of the total arabinose solubilised with tion and processing were carried out with the 1 N HCl was within 15 min (Fig. 2) . However, the software Millennium ver. 3.1 (Waters, Milford, solubilisation of xylose proceeded gradually over MA, U.S.A.). A gradient of solvent A (water-acetic 80 min, and then remained constant (Fig. 2) . was chosen. Optimum hydrolysis conditions were Detection was performed by scanning from therefore set at duration 90 min and 1 N acid 210-400 nm. Identification of chromatographic concentration. peaks was carried out by comparing retention
The pentose content of the samples varied betimes and spectra to those of standards 22 , except tween 13·0 and 19·5% dry weight for xylose and for ferulic acid dehydrodimers that were identified 7·2 and 9·6% dry weight for arabinose (Table I ). according to their UV spectra 23 . Quantification of These results agree with previously published data the hydroxycinnamic acids was carried out by area for total pentose in fresh (21% dry weight) and measurements at 310 nm of both trans and cis dry spent grain (19% dry weight), also obtained forms. Since the cis forms of the hydroxycinnamic from grists of malt/corn 24 . In our samples of brewacids are not commercially available, a doubleer's spent grain, the xylose/arabinose ration was entrance calibration curve (total acid conbetween 1·6 and 2·5. These values are similar to centration vs trans form area and cis form area) those for the non-starch polysaccharide fractions was constructed. For that, different fresh trans (NSP) of barley (1·3-1·6), malt (1·3-1·5) and beer hydroxycinnamic acid solutions (25·75-515 M (1·4) 25 and to that of xylans from corn (1·5) 26 . To for ferulic acid and 7·62-153 M for p-coumaric check for significant differences (p<0·05) in the acid) were treated with NaOH and extracted with pentose content of different spent grain lots, and ethyl acetate as described for the samples.
that shown by lots preserved by the three different methods, an analysis of the variance of both factors Statistical analysis was performed (Table II) . No differences were found between lots for xylose and arabinose conAnalysis of variance (ANOVA) of the data was performed using the PC software package Stattents. However, with respect to the different pre- 16·9±0·2  19·5±0·5  16·1±0·8  8·8±0·3  7·8±0·3  8·2±0·8  Lot 2  14·8±0·4  13·6±0·4  14·2±0·7  8·2±0·2  8·3±0·2  7·3±0·7  Lot 3  17·7±1·0  15·4±0·1  16·0±0·6  9·6±0·3  8·2±0·3  8·7±0·3  Lot 4  14·7±0·5  13·0±0·6  15·4±0·9  9·0±0·4  8·0±0·3  8·3±0·5  Lot 5  14·5±0·1  15·1±0·6  17·5±0·8  8·5±0·4  8·6±0·2  7·2±0·6  Lot 6  16·9±0·9  15·4±0·6  15·5±0·6  8·4±0·2  8·2±0·2  7·8±0·4  Lot 7  13·9±0·3  15·2±0·4  15·2±0·7  9·2±0·2  8·3±0·3  7·9±0·3  Lot 8  15·5±0·5  15·4±0·5  16·8±0·4  8·7±0·2  8·1±0·2  7·4±0·6 a Mean±standard deviation (n=5).
servation methods, significant differences were ,3′-bicinnamic acid (8-5′-diferulic acid, open form) (5), (E,E)-4,4′-dihydroxy-5,5′-dimethoxy-3, seen in arabinose content. Table I shows the arabinose content in the frozen lots was lower 3′-bicinnamic acid (5,5′-diferulic acid) (6), (Z)--{4-[(E)-2-carboxyvinyl]-2-methoxphenoxy}-4-hythan in either the oven dried or freeze-dried samples. The standard deviation obtained was also droxy-3-methoxycinnamic acid (8-O-4′-diferulic acid) (7) and [trans-5-[(E)-2-carboxyvinyl]-2-(4-hylarger. This might be due to microbial alteration during defrosting. During this time, micro-ordroxy-3-methoxy-phenyl)-7-methoxy-2,3-dihydrobenzofuran-3-carboxylic acid (8,5′-diferulic acid, ganisms resistant to freezing may have acted on the arabinose, which, since this makes up the dehydrobenzofuran form) (8) (Fig. 4) . It is important to note that the identification and quanexternal part of the arabinoxylan chains, is the easiest to attack.
tification of these dimers in vegetable samples has only recently begun 23, 27 , mostly due to the difficulty The major phenolic compounds found after basic hydrolysis of the spent grain were ferulic and in achieving standards. Over the last few years, the antioxidant properties of these dimers have also p-coumaric acids (both cis and trans stereo-isomers) (Fig. 4) . Some dimeric forms of ferulic acid were been investigated, and have been found superior to those of ferulic acid 28, 29 . These compounds may also found: (E,E)-4,4′-dihydroxy-3,5′-dimethoxy- therefore have possible uses as antioxidant ad-0·058% dry weight) 30 , but lower than that reported for corn bran (2·8% dry weight) 31 . ditives in the food and other industries.
The ferulic acid content of the spent grain The ferulic/p-coumaric acid ratio for the spent grain was between 1·74 and 2·97, and the mole samples varied between 0·17 and 0·24% dry weight, while that of p-coumaric acid fluctuated arabinose/mole hydroxycinnamic acid ratio between 24·6 and 39·3. This latter value is higher between 0·068 and 0·121% dry weight (Table III) . These values are in agreement with data from than that found in barley stem (15 molar arabinose/molar hydroxycinnamic acid) 32 and in previous studies (0·18% dry weight for ferulic acid and 0·086% dry weight for p-coumaric acid) 20 . corn bran (5·1) 31 . To test for differences (p<0·05) in ferulic and p-coumaric acid content between However, the ferulic acid content was higher than that reported for barley (between 0·034 and different spent grain lots, and between those pre- served by the three different methods, an analysis industry generally show small differences in their pentose content, and larger differences in their of the covariance of these two factors was performed (Table II) . No significant differences were hydroxycinnamic acid content. With respect to the preservation of the spent grain, freezing is not found for either compound with respect to preservation method, although small significant such a good method: the volume to be stored is greater and alterations in arabinose content may differences were found between lots. Hydroxycinnamic acids are minority compounds in cereals occur. Preservation by oven drying and freezedrying reduce the volume of the product and do and their content caries with variety, time of harvest and the characteristics of the growing not alter its composition. But, in terms of economic cost, oven drying is preferred to freezing. region, which explains the differences found between the spent grain obtained from malt/corn.
Other agro-food residues whose use is proposed 
